If permanent focal ischemia is induced by middle cerebral artery occlusion (MCAO), neurons within the infarcted territory die by necrosis and apoptosis (or programmed cell death). We have previously shown, using a mouse strain transgenic (tg) for the nerve growth factor (NGF) gene, that tg mice have consistently smaller infarcted areas than wild-type (wt) animals, correlated with upregulated NGF synthesis and impaired apoptotic cell death. We studied, in wt and tg mice subjected to MCAO, the activities of several antioxidant enzymes and the synthesis of the proteins of the Bcl-2 family. Our results show that the antiapoptotic Bcl-2 protein and glutathione peroxidase are recruited after MCAO. NGF-tg mice also had an intrinsic resistance to oxidative stress because their basal copper zinc superoxide dismutase (SOD) and glutathione transferase activities were high. Additionally, manganese SOD activity increased in NGF-tg mice after MCAO, correlating strongly with the resistance of these mice to apoptosis. 1999 Academic Press
INTRODUCTION
Nerve growth factor (NGF) promotes neuron survival during embryonic development and under various physiological and pathological conditions, including Alzheimer's disease and hypoglycemic, excitotoxic, and ischemic lesions (Lindvall et al., 1994; Gao et al., 1997) . Indeed, the neuroprotective effect in vivo of NGF after intracerebroventricular NGF injection or implantation of NGF-producing fibroblasts has been demonstrated with hippocampal neurons after transient experimental ischemia (Shigeno et al., 1991; Pechan et al., 1995) . Furthermore, endogenous NGF synthesis, increased by a monoamine oxidase B inhibitor or a ␤2 adrenergic receptor agonist, protects rat and mouse cortical tissues from permanent ischemic damage (Semkova et al., 1996a,b) . In a mouse model of permanent focal ischemia induced by middle cerebral artery occlusion (MCAO), it was shown that neurons within the infarcted area die by necrosis and apoptosis (Gué-gan et al., 1996) . We have also previously reported that mice transgenic (tg) for NGF had consistently smaller (by 40%) areas of infarcted cortical territory than control mice 24 h after occlusion. NGF protein is upregulated in cortical areas after ischemic damage, and its synthesis was even higher in tg mice and was correlated with the observed neuroprotection. The decrease in cortical infarction was accompanied by a dramatic decrease in the number of apoptotic cells underlying the cross-talk between NGF and apoptosis in vivo (Guégan et al., 1998a) .
We further investigated the neuronal protection mediated by NGF, by analyzing the levels of proteins of the Bcl-2 family after MCAO, by immunohistochemistry and Western blotting. NGF exerted its neuroprotective effects, preventing apoptotic death in vitro, by
